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■ LIvER TESTS CAN NARROW THE DIAGNOSIS
The most commonly used laboratory tests of the liver can be classified into those that measure either:
• Liver synthetic function (eg, the serum albumin and bilirubin concentrations and the prothrombin time) or • Liver damage, as reflected by the serum concentrations of the enzymes alanine aminotransferase (ALT), aspartate aminotransferase (AST), alkaline phosphatase, and gamma-glutamyltransferase (GGT). 1, 2 ALT and AST are normally concentrated in the hepatocytes and thus, when present in the serum in elevated concentrations, are markers of liver cell injury. The serum levels of these enzymes start to increase within a few hours of liver cell injury as they leak out of the cells via the damaged cell membrane. AST is less liver-specific than ALT, since AST levels can be elevated not only in liver injury but also in muscle, cardiac, and red blood cell injury. 3, 4 Alkaline phosphatase is actually a heterogeneous group of enzymes found mainly in liver and bone cells. Hepatic alkaline phosphatase is concentrated near the biliary canalicular membrane of the hepatocyte. Accordingly, increased levels of hepatic alkaline phosphatase are mainly seen in liver diseases that predominantly affect the biliary system. 3 GGT is also concentrated in hepatic biliary epithelial cells, and thus GGT elevation is another marker of hepatobiliary disease. In fact, measuring the GGT level can help to determine whether an isolated elevation of alkaline phosphatase is due to liver injury. 2, 3 Accordingly, liver diseases can be classified into two broad categories: • Hepatocellular injury, in which the primary injury occurs to the hepatocytes • Cholestatic injury, in which the primary injury is to the bile ducts. In the former, elevated levels of ALT and AST predominate, while in the latter, elevated alkaline phosphatase is the main finding. 
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What is the next most appropriate diagnostic step for our patient?
□ Liver biopsy □ Ultrasonography of the liver □ Computed tomography (CT) of the liver □ Observation Our patient has an elevated GGT level, which suggests that his elevated alkaline phosphatase is of hepatic rather than bony origin. Moreover, a serum alkaline phosphatase level that is elevated out of proportion to the aminotransferase levels reflects cholestatic liver injury.
asT is less liver-specific than alT approach to elevated alkaline phosphatase Cholestatic liver diseases can be classified into two broad categories based on whether the injury affects the microscopic intrahepatic bile ducts (intrahepatic cholestasis) or extrahepatic large bile duct (extrahepatic cholestasis). The simplest diagnostic test to differentiate between the two is ultrasonography, which can identify extrahepatic biliary obstruction fairly well. Therefore, the diagnostic workup of cholestatic liver injury should start with ultrasonography of the liver to differentiate between intrahepatic and extrahepatic processes (FIGURe 1).
■ CASE CONTINUED:
ULTRASONOGRAPHy IS MOSTLy NORMAL Ultrasonography of the right upper quadrant revealed that the liver had normal echogenicity and was mildly enlarged. There was no focal hepatic lesion. The gallbladder appeared normal, with no stones or sludge. No dilated intrahepatic or extrahepatic biliary ducts were seen. The common bile duct measured 4 mm. A small amount of ascites not amenable to paracentesis was present. Thus, in the absence of biliary dilation on ultrasonography, we are dealing with an intrahepatic cholestatic process. Table 2 lists the common causes of cholestatic liver disease.
■ CAUSES Of CHOLESTATIC LIvER DISEASE

viral hepatitis
Viral hepatitis most often produces a hepatocellular pattern of injury (ie, AST and ALT elevations predominate). However, in rare cases it can cause a cholestatic pattern of injury.
Our patient subsequently had serologic tests for viral hepatitis, including hepatitis A, B, and C, and the results were negative.
Autoimmune liver disease
The three most common forms of autoimmune liver disease are autoimmune hepatitis, primary biliary cirrhosis, and primary sclerosing cholangitis.
Autoimmune hepatitis is characterized by high serum ALT and AST levels, whereas primary biliary cirrhosis and primary sclerosing cholangitis are associated with predominant elevations of alkaline phosphatase, since they are cholestatic disorders.
Our patient's alkaline phosphatase level was much higher than his ALT and AST levels, making the latter two diseases more likely.
Primary biliary cirrhosis (and autoimalT and asT are higher in hepatocellular injury; alkaline phosphatase is higher in cholestatic injury Our patient subsequently was tested for these antibodies, and the results were negative.
Primary sclerosing cholangitis usually affects the extrahepatic biliary system. Thus, if it is present, abnormalities should be seen on imaging.
As mentioned previously, no dilated intrahepatic or extrahepatic biliary ducts were seen on ultrasonography in our patient. Moreover, primary sclerosing cholangitis is associated with inflammatory bowel disease, particularly ulcerative colitis, which our patient did not have.
Drug-induced liver injury
Drug-induced liver injury is a common cause of cholestatic liver disease. However, our patient was not taking any prescribed, over-thecounter, or herbal medications. Additionally, he denied heavy alcohol use.
Infiltrative disorders
Infiltrative disorders such as amyloidosis, sarcoidosis, or lymphoma should be considered in the differential diagnosis of cholestatic liver disease. A clue to a possible infiltrative process is a markedly elevated level of alkaline phosphatase with a mildly increased serum bilirubin concentration, both of which our patient had. If there is no biliary duct dilation on ultrasonography, then abnormal levels of alkaline phosphatase most likely represent an intrahepatic pattern of cholestatic liver injury. Therefore, additional imaging with CT or magnetic resonance imaging is of limited diagnostic value. ERCP is used today for therapy rather than diagnosis, so its use is limited to patients known to have dilated biliary ducts on imaging. Liver biopsy, however, can provide useful findings.
Case continued: He undergoes biopsy
Our patient underwent transjugular liver biopsy. During the procedure, transjugular venography showed stenosis in the right, middle, and left hepatic veins and the hepatic portion of the inferior vena cava, consistent with Budd-Chiari syndrome.
The liver biopsy specimen was positive for extensive deposition of slight eosinophilic and amorphous material in a sinusoidal pattern in the liver parenchyma, as well as in the portal tracts, with markedly atrophic hepatocytes. Congo red birefringence confirmed the diagnosis of amyloidosis. The immunohistochemical phenotype was positive for kappa light chains, which is diagnostic for primary-type amyloidosis, also called amyloidosis of light chain composition, or AL.
Bone marrow aspiration and bone marrow biopsy were performed and showed 22% plasma cells, well above the normal range (0-2%), consistent with the diagnosis of multiple myeloma.
■ BUDD-CHIARI SyNDROME:
A CHALLENGING DIAGNOSIS Budd-Chiari syndrome is a rare condition characterized by obstruction of venous outflow from the liver at a site that may vary from the small hepatic veins up to the inferior vena cava or even the right atrium. 5, 6 Obstruction of hepatic venous outflow leads to sinusoidal congestion and hypoxic damage of the hepatocytes. 7 Hypoxia and necrosis of the hepatocytes result in the release of free radicals. Cirrhosis can eventually occur secondary to ischemic necrosis of hepatocytes and hepatic fibrosis. 8 The estimated incidence of this syndrome is 1 in 2.5 million persons per year. 7 It is more prevalent in women and young adults. 8 erCp is now used for therapy rather than diagnosis elevaTed alkalIne phosphaTase
Heterogeneous in its causes and manifestations
In about 75% of patients with Budd-Chiari syndrome, a hereditary or acquired hematologic abnormality or thrombotic diathesis can be found. [8] [9] [10] Some of the major causes are summarized in Table 3 . The most common causes are hematologic diseases, especially myeloproliferative disorders. 7, 8, 11 Budd-Chiari syndrome is also heterogeneous in its manifestations, which depend on the extent of the occlusion, on the acuteness of the obstruction, and on whether venous collateral circulation has developed to decompress the liver sinusoids. 9, 12, 13 Therefore, on the basis of its clinical manifestations, it can be classified as fulminant, acute, subacute, or chronic. [12] [13] [14] [15] [16] The fulminant form presents with hepatic encephalopathy within 8 weeks after the development of jaundice. The subacute form, which is the most common, has a more insidious onset in which hepatic sinusoids are decompressed by portal and hepatic venous collateral circulation. The patient usually presents with abdominal pain, ascites, hepatomegaly, nausea, vomiting, and mild jaundice. Finally the chronic form presents as complications of cirrhosis.
12-16
Imaging plays an important role in diagnosing Budd-Chiari syndrome Imaging plays an important role in detecting and classifying Budd-Chiari syndrome.
Duplex ultrasonography is useful for detecting this syndrome and has a sensitivity and specificity of 85%. 9 CT and magnetic resonance imaging can also help in the diagnosis by showing thrombosis, obstruction, or occlusion in the hepatic vein or the inferior vena cava. 5 Venography is the gold standard for diagnosis. However, it should be performed only if noninvasive tests are negative or nondiagnostic and there is a high clinical suspicion Budd-Chiari syndrome is due to venous thrombosis obstructing hepatic outflow 17 Budd-Chiari syndrome has a characteristic pattern on venography known as "spider web," which is due to the formation of venous collaterals to bypass the occluded hepatic veins. 9 Liver biopsy is not necessarily required to confirm the diagnosis of Budd-Chiari syndrome, but it can help in diagnosing the acute or subacute forms and also in ruling out other causes. Histologic findings can include centrizonal congestion, loss of hepatocytes, hemorrhage, and fibrosis. 18, 19 Regenerative nodules are found in about 25% of patients.
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■ TREATING BUDD-CHIARI SyNDROME
The primary goal of treatment is to prevent further extension of the venous thrombosis in the hepatic veins, in their collaterals, and in the intrahepatic and extrahepatic portal venous system. Resolution of hepatic congestion improves liver perfusion and preserves function of the hepatocytes.
Anticoagulation is recommended in the early stages. Heparin therapy should be initiated and subsequently switched to warfarin with the goal of achieving an international normalized ratio of the prothrombin time of 2.0 to 2.5. 8, 9, 19 Thrombolysis is effective in the acute form. 20, 21 Recanalization, including percutaneous or transhepatic angioplasty of localized segments of the narrowed hepatic veins or inferior vena cava, has long-term patency rates of 80% to 90%. 22 If thrombolytic therapy and angioplasty are unsuccessful, a transjugular intrahepatic portosystemic shunt or a surgical procedure (side-to-side portocaval shunt, central splenorenal shunt, or mesocaval shunt) should be considered. 9 Liver transplantation is another treatment option in those with fulminant Budd-Chiari syndrome or advanced liver cirrhosis. 8 
■ PROGNOSIS HAS IMPROvED
The prognosis of Budd-Chiari syndrome has improved, thanks to both earlier diagnosis and new treatments. The 1-year survival rate, which was about 60% before 1985, has increased to more than 80% in recent cohort studies. 19 Studies have shown that the Child-Pugh score, which is based on a combination of serum albumin, bilirubin, prothrombin time, encephalopathy, and ascites, can be considered as an independent prognostic factor. A lower Child-Pugh score and a younger age are associated with a good prognosis. 19, 23, 24 (The Child-Pugh score cannot be applied to our patient because he does not have cirrhosis.) What happened to our patient? Our patient was started on anticoagulation for his Budd-Chiari syndrome and on bortezomib (Velcade) and dexamethasone for his multiple myeloma. He achieved remarkable improvement in his liver function tests. Follow-up duplex ultrasonography 1 month after discharge revealed that the stenosis in the hepatic veins had resolved. He is following up with the oncology clinic for management of his multiple myeloma.
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